The inch-pound units used in this report may be converted to metric units (SI) by the following conversion factlors:
Multiply inch-pound unit inch (in.) foot ( 
INTRODUCTION

Area of Investigation
The southern half of Okaloosa County (about 530 mi2 ) and most of the southern half of Walton County (about 470 mi2 ) in northwest Florida comprise the 1,000-mi 2 area of investigation ( fig. 1 ). The area is bounded on the east by longitude 086°05'W., to the west by longitude 086°48'W. (the Okaloosa-Santa Rosa County line), to the south by the Gulf of Mexico, and to the north by latitude 30°43'N.
Okaloosa and Walton Counties have a humid, annual rainfall at Niceville is about 62 inches subtropical climate. The mean (U.S. Department of Commerce, 1931-78) , which falls most abundantly in late spring or early summer ( fig. 2 ). Rainfall varies with location; thunderstorms may yield several inches of rain in one location but only a trace of rain nearby. Winters are mild, with occasional frost occurring from November through February.
The area of investigation lies in two physiographic divisions (Puri and Vernon, 1964, p. 7-15) :
the Gulf Coastal Lowlands and the Western Highlands ( fig. 3 ). The Gulf Coastal Lowlands region contains flat woods and swamps a few miles inland and sand dunes, beach ridges, and wave-cut bluffs along the coast. The Western Highlands region, which generally ranges in altitude from 50 to 200 feet above sea level, consists largely of sand hills cut by streams that have high base runoff and usually occupy deep, narrow ravines.
For a more detailed discussion of the rainfall, physiographic and geologic features, population growth, and water use in southern Okaloosa and Walton Counties, refer to Pascale (1974) and Trapp and others (1977, p. 10-22) .
!
Wells tapping the upper part of the Floridan aquifer supply most of the water used in southern Okaloosa and Walton Counties. Thus, the sand-and-gravel aquifer, although utilized heavily farther west in Escambia County, is not a primary source of water in the area of investigation. A few domestic users tap the aquifer for lawn sprinkling, and it is used on a limited basis for irrigation and public supply. However, the sand-and-gravel aquifer has become important because the steadily increasing demands being placed on the Fi.oridan aquifer have resulted in continuously declining water levels, increasing pumping costs, interference between wells, and a potential for saline-water intrusion.
Purpose and Scope
In July 1977, the U.S. Geological Survey aid the Northwest Florida Water Management District undertook a cooperative investigation of the hydrogeology and water resources of southern Okaloosa and Walton Counties that was funded in part by both agencies as well as by the Regional Coastajl Plains Commission.
This report presents those results of the investigation which pertain to the hydrogeology and availability and quality of water from the sand-and-gravel aquifer. It discusses the hydrogeologic characteristics, hydraulic properties, potential yield, and water quality of the aquifer. The information presented can be used by water-resource managers to evaluate the potential of the aquifer as a source of water within the framework of the total water-resources system of southern Okaloosa 
GULF OF MEXICO
Figure 3. Physiographic subdivisions of Okaloosa and Walton Counties. (From Puri and Vernon, 1964, p. 7-15 . See also Pascale, 1974, p. 4; and Trapp and others, 1977, p. 12.) Previous Investigations
Previous investigations of the ground-water resources of Okaloosa and Walton Counties were primarily concerned with the upper part of the Floridan aquifer. Consequently, the following cited reports often include only brief descriptions and discussions of the sand-and-gravel aquifer. Sellards and Gunter (1912, p. 105-110) describe the water resources, physiography, drainage, wells, and soils of Walton County, which originally included what is now Okaloosa County, and indicate several locations adjacent to Choctawhatehee Bay where flowing artesian wells could be drilled. Matson and Sanford (1913, p. 422-426) discuss the surface features, geology, and water supply of the Walton-Okaloosa County area. Barraclough and Marsh (1962) describe the system of aquifers and ground-water quality along the gulf coast from the Choctawhatchee River to the Perdido River (the western boundary between Florida and Alabama). Foster and Pascale (1971, p. 95) provide data on the streamflow, water quality, and ground-water levels in Okaloosa County and adjacent areas. Pascale's report on Walton County (1974) describes in detail the hydrogeologic characteristics, hydraulic properties, yield, and water quality of the upper part of the Floridan aquifer. He describes in less detail the hydrogeology of the sand-and-gravel aquifer. The results of an extensive investigation of the water resources of Okaloosa County and part of western Walton County were published in a report by Trapp and others (1977) . Wagner and others (1980) give a comprehensive listing of basic hydrologic data for Okaloosa and Walton Counties.
Water-resources data in the State of Florida have been collected by the U.S. Geological Survey since 1930, generally in cooperation with agencies of the State, counties, or cities. These data have been published as U.S. Geological Survey Water-Supply Papers, as statewide reports. Beginning with the 1975 water year, the report "Water Resources Data for Florida, volume 4, Northwest Florida" has data releases, and in project been published annually; it contains ground, surface, and quality of water data for northwest Florida. More detailed information concerning U.S. Geological Survey water-resources data publications is available in each volume. Table 1 gives the identification, location,, and water use of 96 wells in southern Okaloosa and Walton Counties which served as sand-and-gravel aquifer data points in this investigation; figure 1 shows the locations of the wells. Much of the geological data were obtained as a result of close cooperation with commercial well drillers and their clients. Throughout the investigation, electric, natural-gamma, caliper, and temperature logs were run in selected wells (table 2) . In areas where adequate information was not available, a test drilling program provided geophysical logs, as well as lithologic and hydrologic data.
Data Collection
Thirteen sand-and-gravel wells were drilled under commercial contract, and three sand-and-gravel wells were drilled by the Red Horse Drilling Unit, Hurlburt Field, Eglin Airi Force Base; all of the wells are listed in table 1. The electric, natural-;5amma, and lithologic (driller and geologist) logs were used to delineate and the caliper logs were used to delineate borehole conditions. Geophysical logging was done by the U.S. Geological Survey Water Management District.
Water levels were measured at 3-month tently in 13, and 1 well was equipped with an hourly Hydraulic data for the sand-and-gravel aquifer test sites (table 5) and 15 specific-capacity correlate hydrogeologic units;
and by the Northwest Florida intervals in 27 wells, intermitrecording gage (table 2) . were obtained from 7 aquifer sites (table 6) . t^st Water samples were obtained from selected wells open to different depths in the aquifer and were analyzed to determine the chemical character of the water in the aquifer with respect to the producing zone tapped and areal location. Field determinations were made of pH, specific conductance, and temperature of the water from each well; samples were analyzed at the U.S. Geological Survey National Water Quality Laboratory-Atlanta, in Doraville, Ga. The data are summarized in table 8, partly illustrated in figures 11-14, and discussed in the "Water Quality" section. Owing to the sparsity of wells in some areas, water-quality data reported by I'oster and Pascale (1971) and Pascale and others (1972) were utilized.
Tiese data probably accurately reflect the present water quality of the aqui.fer because (1) the sand-andgravel wells from which the samples were obtained have been pumped at low rates and (2) the quality of ground water is :iot normally subject to rapid, significant changes. The Site ID number (table 1) consists of 15 digits that signify the latitude and longitude representing the location of the well. Thus, the first 6 digits denote the degrees, minutes, and seconds of north latitude; the next 7 digits denote the degrees, minutes, and seconds of west longitude; and the last 2 digits provide a sequential numbering system for stations located within a 1-second grid. Once assigned, a SitQ ID number does not change even if the latitude or longitude designation is changed. Hence, although the Site ID number is a unique number, it is not necessarily an accurate location indicator. The number can be used to both enter data into and retrieve data from computer storage.
Consequently, any available historic data can be obtained from computer files by using the Site the availability of such data may be made Tallahassee^, Fla.
ID number. Inquiries regarding to the U.S. Geological Survey, Table 3 provides the construction data, year completed, altitudes, and aquifer zone tapped for the 96 wells which j served as data points in this investigation.
The wells range in depth ftom 20 to 208 feet below land surface, but most are between 25 and 120 feet} deep. Thirty-two of the wells listed in the table tap the surficial zone t>f the sand-and-gravel aquifer, with two possibly penetrating the intermediate zone. Fifty-eight of the wells listed tap the main producing zone. The zones tapped by the six remaining wells are unknown.
Most of the domestic wells are 1.25 to 4 inches in diameter, whereas the municipal wells and Federal irrigation wells are 10 (with the exception of well 224) and 12 inches in diameter, respectively. The 16 test wells were cased and screened with PVC (polyvinyl chloride); other wells have standard steel casings and screens. Table 4 lists the discharge from selected sand-and-gravel wells. Discharges range from 5 to 1,000 gal/min, and average 50 gal/min.
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Appreciation is extended to the cities and many individuals who furnished information about their wells and permitted access to their land and equipment for measurements, geophysical logging, and vater-quality sampling. Special thanks go to officials of the city of Fort Walton Beach, Eglin Air Force Base, and Okaloosa County for the use of their wells and pumping equipment, as well as for granting permission to drill test wells Approximately 1,500 feet of sediment, ranging in age from middle Eocene to Holocene, compose the system of aquifers and confining beds in southern Okaloosa and Walton Counties. This stratigraphic sequence is divided into six hydrogeologic units, which in descending order are: the sand-and-gravel aquifer, the Pensacola Clay confining bed, the upper part of the Floridan aquifer, the Bucatunna Clay confining bed (Bucatunna Clay Member of the Byram Formation), the lower part of the Floridan aquifer, and the Claiborne confining bed. Only the sand-and-gravel aquifer and the Pensacola Clay confining bed will be discussed further in this report. For additional information on the geology of the area refer to Barraclough and Marsh (1962) , Chen (1965) , Marsh (1962; 1966) , Pascale (1974) , and Trapp and others (1977) .
Pensacola Clay Confining Bed
Relatively impermeable sediments underlie the sand-and-gravel aquifer throughout most of southern Okaloosa and Walton Counties. Trapp and others (1977, p. 16 ) named these sediments the Pensacola Clay confining bed because "it corresponds approximately to the lower part of the Pensacola Clay of Marsh (1966, p. 54-68) ." Trapp proceeded to define the Pensacola Clay confining bed as "the material of relatively low permeability between the sand-and-gravel aquifer above and the Floridan aquifer below. Sand-and-gravel and Floridan aquifer test data and drill cuttings from the Pensacola Clay indicate that leakage through the Pensacola Clay is minimal. It may include material older, younger, or beyond the limits of the lower Pensacola Clay stratigraphic unit."
The Pensacola Clay confining bed dips south-southwest at approximately 15 ft/mi; its depth below land surface ranges from about 10 feet in south-central Walton County to about 210 feet in southwestern Okaloosa County. Thickness ranges from 475 feet in southwestern Okaloosa County to less than 50 feet in parts of southeastern Walton County and averages about 150 feet in southern Walton County and about 350 feet in southern Okaloosa County.
Sand-and-Gravel Aquifer
The sand-and-gravel aquifer in southern Okaloosa and Walton Counties comprises sediments that range in age from late Miocene to Holocene. The aquifer covers all the land area and extends from land surface to the top of the underlying Pensacola Clay confining bed (fig. 4) ; it ranges in thickness from about 10 feet in south-central Walton County to about 210 feet in southwestern Okaloosa County ( fig. 5 ). Figure 5 shows the thickness of the aquifer which was obtained by evaluating geophysical and lithologic logs of sand-and-gravel and Floridan aquifer wells that penetrate the aquifer. Floridan aquifer well data may be found in Wagner and others (1980, 
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Clay, dark-gray to bluish-green, contains interbedded clayey sand and gravel, varying amounts of silt, and some shell fragments in upper part. Differences in lithology and hydraulic properties allow the sand-andgravel aquifer to be divided into three hydrologic zones ( fig. 4) , which in descending order are: a surficial zone (water table) , an intermediate zone of relatively low permeability, and a main producing zone (artesian).
The surficial zone consists of white to light-gray to light-brown, fine to medium, moderately sorted sand and extends from land surface to a depth of 20 to 60 feet. Below the surficial zone are 10-sandy clay, and clayey sand; the permeability to 65-feet-thick beds of clay, of this intermediate zone varies widely, but is fairly low throughout most of the area. The main producing zone is usually the most permeable part of the aquifer; it consists of sand that is white to light orange to light brown in color, medium to coarse grained with some fine gravel, and moderately to well sorted.
This zone includes the bottom 10 to 85 feet of the aquifer. The main producing zone usually functions as a confined (artesian) aquifer in that it is hydraulically separated from the surficial zone by the low-permeability intermediate zone.
One or more of these zones may be absent where the aquifer is thin; for example, along the shore of Choctawhatchee j Bay and in southeastern Walton County (fig. 5 ).
The overall permeability of the surficial and main producing zones varies in accordance with the areal variations in the lithology of their sediments. In southeastern Walton County these sediments consist largely of fine to medium sand with varying amounts of clay, and it is not always possible to differentiate the aquifer into the three hydrjo logic zones. The grain size of the sediments of the surficial and main producing zones increases to the west and the clay content becomes negligible. As a result, the permeability of the two zones increases from southeastern Walton County to southwestern Okaloosa County. Moreover, because they also increase in thickness from east to west, the transmissivity of each and the overall transmissivity of the entire sand-and-gravel aquifer correspondingly increase westward.
Hydraulic Properties Aquifer Tests
To define the hydraulic properties of 'the main producing zone of the aquifer, seven sites were tested in the Fcjrt Walton Beach area ( fig. 6 ). Site 6 contained a production well and two observation wells open to the main producing zone, and one observation well opeii to the surficial zone. Site 7 contained a production well and observation well open to the main producing zone. The remaining five test sites contained only production wells open to the main producing zone.
Observation and pumping wells open to the main producing zone were effectively fully penetrating and, consequently, partial penetration effects were not a problem.
The data obtained from multiwell test sites 6 and 7 were analyzed using a radial flow model for leaky confined aquifers developed by Hantush and Jacob (1955) and modified by Cooper (1963) . The data obtained from the single-well test sites, at which the drawdown was measured in the pumped well, were analyzed using a straight-line method developed by Jacob (1950) . The values of the hydraulic properties determined at muLtiwell test sites 6 and 7, the estimated transmissivity values obtained at other pertinent information are summarized in single-well test sites 1-5, and Figure 6 . Locations of the main producing zone aquifer test sites, At test site 7, observation well 234 was 51 feet from well 233, the production well. The pumping rate was 48 gal/min. The time-drawdown curve for observation well 234 is similar to those obtained for observation wells 225 and 226 at test site 6.
The calculated .values of transmissivity and storage coefficient are 1,500 ft 2 /d and 1.9x10 , respectively; the estimated leakance of the confining intermediate zone is 2x10 d
The five single-well tests were analyzed using Jacob's (1950) straightline method. Because the method does not account for leakage through the confining bed, only data from the early part of the tests were used in their analyses. Transmissivity values obtained, consequently, are considered to be estimates because of the inaccuracies that arise from drawdown being measured in pumped wells, partial penetration effects, and well losses (Meyer, 1963; Lohman, 1972) . The fact that the tests were analyzed in a consistent manner supports their use as indicators of the relative variations in the transmissivity of the main producing zone of the sand-and-gravel aquifer. As a means of approximating the accuracy of a Jacob straight-line analysis relative to an analysis by the Hantush-Jacob leaky aquifer method, the transmissivity of observation well 225, aquifer test site 6, was also determined by the straightline method.
Its 5,000 ft 2 /d transmissivity is reasonably close to the 6,200 ft 2 /d calculated using the Hantush-Jacob method and supports a qualified use of single-well test results.
The storage coefficient and leakance values determined from the aquifer tests confirm that the main producing zone can be treated as a leaky confined aquifer. Because the tests were only of the main producing zone, the applicability of the transmissivity values to the entire thickness of the sand-andgravel aquifer is limited. Also, because of regional changes in lithology and thickness of the main producing zone, extrapolation of transmissivity outside of the area tested (Fort Walton Beach area) is not feasible.
Specific Capacity and Water Availability
The specific capacity of a well is the rate of discharge of water from the well divided by the drawdown of the water level in the well. It varies slowly with duration of discharge. Walton (1970, p. 311-326) and Lohman (1972, p. 52 ) discuss the effects of well construction, development, wellscreen characteristics, and velocity and length of flow up the casing upon specific capacity.
Specific capacities were calculated for 15 wells open to the main producing zone (table 6). The specific capacities range from 1.3 to 125 but are generally less than 15 (gal/min)/ft. This range in values is largely the result of a combination of areal variations in the lithology and thickness of the saturated sediments and differences in well construction (Meyer, 1963) . Table 6 shows that the high specific capacities were obtained for the larger diameter wells and particularly for wells in the area northwest of Fort Walton Beach (fig. 1) ; these wells also have correspondingly high estimated potential yields.
Estimated potential yield is the product of specific capacity and maximum available drawdown, that is, the static water level in a well drawn down to the top of the main producing zone. The estimated potential yields of these 15 wells range from about 100 to more than 10,000 gal/min, but generally fall in the range of 200 to 400 gal/min. Counties area north and northwest of Fort Walton Beach As a result of well losses at high flow rates, on the order of 500 to more than 1,000 gal/min. in southeastern Okaloosa and southern Walton 50 gal/min but less than those obtained in th area because the aquifer thins to the east. 50 feet thick ( fig. 4) , and is composed of mostly 25 to 100 gal/min may be expected.
appears to be the most productive, maximum yields would probably be The yields of most of the wells would probably be more than B Fort Walton Beach metropolitan Where the aquifer is less than fine to medium sand, yields of Water Levels
The scant historical data on the water-table in the surficial zone of the sand-and-gravel aquifer indicate that the water table is generally a subdued replica of the topography, being a few feet below land surface in much of the Gulf Coastal Lowlands region and 25 to 50 feet below land surface in much of the Western Highlands region. Rainfall readily infiltrates the unsaturated surficial sands and moves down to the water table (top of the saturated zone), where movement becomes predominantly lateral. Lateral flow continues until the water: moves up and is lost to evaporation and transpiration in areas where the water table is at or near land surface; discharges into streams, lakes, swamps, bays, or the Gulf of Mexico; is pumped to the surface through wells; or leaks down through the confining beds to recharge the main producing zone.
Water-level altitudes in the surficial zone usually are higher than the potentiometric surface of the main producing zone in most of the sand-and-gravel aquifer. Consequently, water moves from the surficial zone, by leakage, down through the confining beds and into the main producing zone. Aquifer tests indicate that this leakage is significant and probably represents the major source of recharge to the main producing zone.
The March 1979 generalized potentiometric surface of the main producing zone ( fig. 9 ) was developed using data from 27 observation wells; the locations of streams, lakes, swamps, and bays; and the relation of the potentiometric surface of the main producing zone to the potentiometric surface of the underlying Floridan aquifer except in areas where the Floridan is heavily pumped. The configuration of the potentiometric surface shows that water in the main producing zone discharges generally toward the Gulf of Mexico and Choctawhatehee Bay. Figure 10 illustrates the combined effects of rainfall and pumping on the water level in a well open to the main producing zone. Although variations in the amount of rainfall produce corresponding variations in water level, the response is delayed. For example, the high rainfall in January and February 1979 was not fully manifested as higher water levels in well 226, Fort Walton Beach ball park, until late February. The small, short-term water-level fluctuations that occurred in April and May 1979 are attributed to the pumping of nearby ball park irrigation well 224.
Water Quality
This investigation, in agreement with previous studies (Pascale, 1974, p. 20-24; Trapp and others, 1977, p. 39-42) , found that, with occasional exceptions, potable water can be obtained from the sand-and-gravel aquifer in southern Okaloosa and Walton Counties. Although pH may be as low as 4.5 and iron concentration may be as high as 4.3 mg/L (table 8), the water is usually suitable for domestic, industrial, and irrigation use meeting State and Federal requirements for public drinking-water supplies. Some chemical constituents or physical conditions of the water may be problems. For example, the concentration of hydrogen sulfide may be high enough to give the water a "rotten egg" odor and make it corrosive; water pumped from wells screened opposite clayey sand may have a turbid appearance due to the presence of colloidal clay; or wells close to the saline-water bayous and shorelines of the Gulf of Mexico and Choctawhatehee Bay may exhibit higher values of chloride, pH, and iron than wells located further inland. Investigation, however, has not shown salinewater contamination of the aquifer to be other than a local coastal problem. c
Major inorganic constituents, as well as any constituents that might have attained the maximum contaminant levels established by the U.S. Environmental Protection Agency (EPA, 1975) The chemical character and physical properties of aquifer water summarized in table 8 indicate that major inorganic constituent concentrations, hardness, and pH (range, mean, and standard deviation) may be greater for water from the surficial zone than for water from the main producing zone. The generally higher mean and greater variability of major inorganic constituent concentrations, hardness, and pH in water from the surficial zone may result from saline water from such surface sources as the Gulf of Mexico and Choctawhatehee Bay. The surficial zone is also more likely to be contaminated by sewage effluent and other pollutants derived from human activities because it is shallow and unprotected by an overlying As rainwater moves down through the up^er soil zone it interacts geochemically with the sediments and organic material and becomes acidic. If decaying organic material is abundant the pH Saline-water contamination of an aquifer can confining bed.
can become as low as 4.5 units, result in higher than normal pH values, as illustrated by well 139 (figs. 1, 11, 12, and 13). Well 139 had a chloride concentration of 280 milligrams per liter (mg/L) and a pH of 7.5 units for the date mapped (July 10, 1967) ; the same sample also had an unusually high iron concentration (5.8 mg/L). These anomalous conditions were the result of heavy pumping, which allowed contamination of the well by nearby saline bay water (Foster and Pascale, 1971) . Because these concentrations were considered to reflect anomalous conditions, the data were excluded from the statistical analysis in table 8. Similarly, although iron concentrations of 5.1 mg/L ( fig. 13 ) have been reported (Pascale and others, 1974) for main producing zone wells 3 and 27, these values are also probably anomalous and were excluded from the statistical analysis.
Iron is an abundant and widespread constituent of the sediments that comprise the aquifer and is an essential element in both plant and animal metabolism. Organic wastes and plant debris present in the sediments of the aquifer contain considerable amounts of iro|n.
Consequently, aquifer water with a pH of less than 7.0 units can contain Iron at concentrations of as much as 5 mg/L.
Iron concentrations in water from the surficial zone of the aquifer range from 0.02 to 4.3 mg/L and average 0.70 mg/L, and in the main producing zone the range is from 0.01 to 3.7 ng/L and the average is 0.54 mg/L (table 8 and fig. 13) ; hence, on the average, zones exceeds the maximum contaminant level EPA (1977) . the iron concentration in both of 0.3 mg/L recommended by the Combined radium 226 and 228 (picocuries per liter) 5 Gross alpha particle activity, including radium 226 but excluding radium and uranium (picocuries per liter) 15 Gross beta particle activity (millirems per year) 4
The maximum contaminant level for fluoride depends on the annual average of the maximum daily air temperature in the location of the water-supply system. Nitrate (N03 ) pH ( In some wells, the corrosion of the metal casing, screen, and pump may be the sole or partial source of the iron in the water; this has been considered a particularly good possibility in wells located near the coast because of the corrosive action of saline waters. In an effort to determine if metal well parts could be a significant cause of high iron concentrations, eight PVCcased wells open to the main producing zone were sampled using a stainless steel submersible pump equipped with PVC discharge lines. The wells were clustered in the Fort Walton Beach area ( fig. 13) . A partial tabulation of the analytical results is given in table 9. Table 9 . Iron, chlorides, and pH of wells main producing The analyses indicate that the aquifer exceeded the maximum 0.3 mg/L total iron content supplies and show that the well and pump system of the high iron content of a well-water samp xrater at six of the eight wells recommended for public water are not necessarily the source e.
The iron concentration in water obtained from a single well may not be representative of the ground-water quality of the surrounding area, but samples obtained from several nearby wells containing high iron concentrations may be indicative of expected iron concentration in ground water in that area. Caution must be exercised, however, in predicting iron occurrence because of the number of conditions that can effect the level of iron concentration in ground water. Figure 13 illustrates the iron-concentration variability in water from the sand-and-gravel aquifer.
Trace Elements
Five wells open to the main producing zone in Fort Walton Beach were sampled for trace element content of the water (table 10) . Barium, cadmium, chromium, selenium, and silver were not detected in any of the samples. Whereas two samples contained low lead concentrations, and one sample contained a low arsenic concentration, none contained any constituent in concentrations above maximum recommended contaminant levels (EPA, 1975; . The water from four of the five wells previously cited (210, 213, 216, and 222) were analyzed for the presence of pesticides, polychlorinated biphenyls (PCB), and polychlorinated naphthalenes (PCN).
All were undetectable by the analytical methods utilized.
Nitrogen Species and Phosphorus
The same four wells in Fort Walton Beach that were sampled for pesticides were also sampled for the presence of nitrogen species and phosphorus (table 11). Nitrite was not detected. The average concentration of nitrate was 0.68 mg/L; none of the samples had concentrations that exceeded 10 mg/L, the maximum contaminant level established by the EPA (1975) . The average concentration of ammonia plus organic nitrogen was 0.12 mg/L; total nitrogen was 0.80 mg/L; and total phosphorus was 0.28 mg/L.
Radionuclides
Radionuclide analyses were run on water from four wells (210, 213, 216, and 222) in Fort Walton Beach. Gross alpha particle activity ranged from 0.3 to 3.1 pCi/L (picocuries per liter), well below the maximum contaminant level of 15 pCi/L. Gross beta particle activity ranged from 0.6 to 2.3 pCi/L, well below the maximum contaminant level of 50 pCi/L. Whereas the method used does not give a biological dosage, the low activities detected indicate that radioactivity is probably less than the minimum biological dosage (table 7). The sand-and-gravel aquifer in the area of investigation consists of sand, sandy clay, clayey sand, and fine gravel and extends from land surface to the Pensacola Clay confining bed, which effectively separates it from the upper part of the Floridan aquifer. The aquifer ranges in thickness from about 10 feet in south-central Walton County to about 210 feet in southwestern Okaloosa County. Differences in lithology and hydraulic properties permit division of the aquifer into three hydrologic zones: the surficial zone, which extends from land surface to depths of, 20 to 60 feet and consists of fine to medium, moderately sorted sand; an intermediate zone or confining bed 10-to 65-feet thick which consists of clay, sandy clay, and clayey sand; and the main producing zone, which comprises the bottom 10 to 85 feet of the aquifer and consists of medium to coarse, moderately to well sorted sand with some fine gravel. The main producing zone is the primary source of water for yields of 50 gal/min or more. One or more of these zones may be absent in locations where the aquifer is thin.
Aquifer tests of the main producing zone were conducted at seven sites in southern Okaloosa County. The .transmissivity ranged from 400 to 6,200 ft 2 /d; LL »/! storage coefficients of 3.0x10 and 1.9x10 were obtained at two sites, and the leakance of the confining intermediate zone at these sites was about -2 -2 -1 1x10 and 2x10 d , respectively. The test results are considered valid only for the individual sites because of variations in lithology and thickness of the aquifer, but the data may be considered conservative estimates for the sand-and-gravel aquifer.
Specific capacities were calculated for 15 wells open to the main producing zone; they ranged from 1.3 to 125 (gal/min)/ft, but are generally less than 15 (gal/min)/ft. The wide range in values is believed to be due to areal variations in transmissivity and differences in well construction.
Discharges from sand-and-gravel wells range from about 5 to 1,000 gal/min and average about 50 gal/min. Estimated potential yields based on existing well data, however, generally range from 200 to 400 gal/min and may exceed 10,000 gal/min for some wells. The highest estimated potential yields occur in southwestern Okaloosa County, where large volumes of water can be pumped from wells of 6 inch or larger diameter open to the main producing zone. Well losses that occur at high flow rates would probably limit actual yields to about 1,000 gal/min.
The yields of wells in southeastern Okaloosa and southern Walton County would probably be less than those obtained in southwestern Okaloosa County because the aquifer thins and the sand becomes finer to the east. Where the aquifer is less than 50 feet thick and contains mostly fine to medium sand, yields no greater than 25 gal/min may be expected.
Water from the sand-and-gravel aquifer in southern Okaloosa and Walton Counties usually meets State and Federal requirements for public drinkingwater supplies. Wells located along the saline-water bayous and shorelines of the Gulf of Mexico and Choctawhatchee Bay tend to exhibit higher chloride and iron concentrations; this is a local but not serious problem. The pH of water from the surficial zone ranges from 5.7 to 7.7 units and from 4.5 to 6.9 units in water from the main producing zone. Iron concentrations in water from the surficial zone range from 0.02 to 4.3 mg/L and from 0.01 to 3.7 mg/L in water from the main producing zone.
